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(54) Antenna device for generating inductively coupled piaema 



"^(57) The invention relates to an antenna device of a 
^ Jow impedance for generating a large quantity of Induc- 
tively coupled plasma to process a large size of a spec- 
imen with adjustment tor a uniform distribution in the 
density of plasma, comprising: a high frequency power 
source; a first antenna for receiving the high frequency 



power supplied from the high frequency power source; 
and a second antenna connected in parallel with the first 
antenna for receiving the high frequency power supplied 
from the high frequency power source, wherein a reso- 
nant state is kept between the first and second anten- 
nas. 
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Des riptlon 

BACKGROUND OF THE INVENTION 
FILED OF THE INVENTION 

[0001] The present invention relates to an antenna 

device for generating plasma, and more particularly to 
an antenna device for generating inductively coupled 
plasma which can covers a large effective area to proc- 
ess a large specimen in a high, uniform density of plas- 
ma. 

DESCRIPTION OF THE PRIOR ART 

[0002] In order to produce a fine pattern on a sub- 
strate like a semiconductor wafer, flat panel display or 
the like in a technical field of fabricating a semiconductor 
device, plasma is generated to perform a variety of sur- 
face treatment process like dry etching process, chem- 
ical vapor deposition process, sputtering and the like. In 
order to reduce cost and Improve throughput, the size 
of a semiconductor wafer and that of a substrate for a 
flat panel display has shown atendency of getting larger, 
for instance, over 300mm in recent years. Accordingly, 
a device for generating plasma to process such a large 
wafer or substrate also gets larger. 
[0003] Therefore, there have been plasnna sources to 
be operated by high frequency power In a diode type, 
microwave type or radio frequency wave type and the 
like. In this regard, there are problems in the diode type 
plasma source like a difficulty in controlling high voltage 
and requirement of a high level of gas pressure, so that 
the diode type plasma source has not been suitable for 
processing such a fine pattern. Even if an electron cy- 
clotron resonance ("ECR") type plasma source is ad- 
vantageous in obtaining a high density plasma under a 
low pressure, It is disadvantageous in achieving a uni- 
form distrlbutton of plasma. Such a problem gets more 
severe as the size of plasma increases. Furthermore, 
according to a helicon wave type plasnna source, a kind 
of radio wave type plasma source called an inductively 
coupled type, the energy in electric and magnetic fields 
are combined and excited to be able to generate a high 
density plasma in unlfonm distribution. However, in case 
the size of plasma increases, the helicon wave type 
plasma source is not suitable for achieving a uniform 
density distribution of plasma. 
[0004] A general antenna device for generating induc- 
tively coupled plasma will be briefly described with ref- 
erence to Fig. 1. The device for generating plasma 10 
(hereinafter referred to as plasma generating device) 
has a chamber 104 in which plasma is generated, 
wherein the chamber 104 includes a gas inlet opening 
1 1 0 for supplying reactant gas, a vacuum pump 1 1 2 for 
keeping the internal part of the chamber in a vacuum 
state and a gas outlet opening 114 for exhausting reac- 
tant gas after reaction. In addition, there is a chuck 108 



on which a specimen 112 like wafer, glass substrate or 
the like will be placed in the chamber 104. An antenna 
100 connected with a high frequency power source 102 
is installed on the chamber 104. An insulating plate 116 
s is installed between antenna 100 and chamber 104 for 
decreasing capacitive coupling characteristic, which 
helps transmissbn of energy from the high frequency 
power source 102 to plasma 118 through the inductive 
coupling. 

[0005] The plasma generating device 100 thus con- 
structed generates plasma in a method which will be de- 
scribed below. In other words, all the air filling in the in- 
ternal part of the chamber 1 04 is discharged out with a 
vacuum pump 112 to get to a vacuum state at the first 
step. A reactant gas is infused for generating plasma 
through the gas inlet opening 1 1 0, and the chamber 1 04 
is kept at a necessary level of gas pressure. Then, the 
high frequency power of 13.56MHz is applied to the an- 
tenna device 1 00 from the high frequency power source 
102. 

[0006] As shown in Figs. 2a and 2b, the conventional 
plasma generating device 1 0 is constructed with a spiral 
shaped antenna 200 or a plurality of (for instance, three) 
divided electrode type antennas 202a, 202b and 202c. 
Therefore, with high frequency power, a vertical mag- 
netic field is formed along with changes of time at a 
plane horizontal to the antenna 100. The magnetic field 
that changes in time as such forms an inductive electric 
field at the intemal part of the chamber 1 04. When elec- 
trons are heated and induced to an electric field to there- 
by generate plasma inductively coupled with the anten- 
na 1 00. As described above, electrons are collided with 
neighboring neutral gas particles to generate ions and 
radicals and the like which will be used for plasma etch- 
ing and deposition processes. In addition, It power is ap- 
plied to the chuck 108 from a separate high frequency 
power source (not shown). It Is possible to adjust the 
energy of ions which wilt be applied to the specimen 1 06. 
[0007] As shown in Fig. 2a, a number of wires to form 
a spiral shaped antenna 200 are connected in series, 
keeping flow of current constant in each wire. In this 
case, it is difficult to control distribution of inductive elec- 
tric fields, and ions and electrons are lost at the Internal 
wall of the chamber 104. Therefore, a high density of 
plasma is fomied at the central part of the plasma 118, 
but a low density of plasma is formed at the part close 
to the intemal wall of the chamber 104. As a result, it is 
extremely difficult to achieve unifomiity in the density 
distributton of the plasnna 118. 
[QOOd] Furthermore, as all the wires of the antenna 
200 are connected in series, there may be a great volt- 
age drop which may increase the influence of a capac- 
itive coupling characteristic with the plasma 118. As a 
result, the electrical efficiency of the antenna 200 de- 
creases and it is difficult to keep uniformity in the density 
distribution of plasma. 

[0009] Next, as shown in Fig. 2a. in the antenna con- 
structed with three separate electrodes respectively 
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connected with three different phases of high frequency 
power sources 204a, 204b and 204c, the density of plas- 
ma is generally high, but the density of plasma decreas- 
es at a part close to the center of the chamber 1 04. It is 
also difficult to ensure the unifonriity in the density dis- 
tribution of plasma, and it is more difficult to treat a large 
size of a specimen. In addition, application of separately 
operated power results in increase in cost because an 
independent impedance matching circuit should be 
used for separate electrodes to achieve an Impedance 
matching state for efficient uses of power. 

SUMMARY OF THE INVENTION 

[0010] it is an object of the present invention to solve 
the aforementioned problems and provide an antenna 
device for generating a large quantity of plasma for 
processing a large size of a specimen. 
[0011] It is another object of the present invention to 
provide an antenna device for generating a uniform dis- 
tribution of plasma. 

[001 2] I n order to accomplish the aforementioned ob- 
jects of the present Invention, there Is provided an an- 
tenna device for generating a large quantity of plasma 
comprising: 

a high frequency power source; 
a first antenna for receiving the high frequency pow- 
er supplied from the high frequency power source; 
and 

a second antenna connected In parallel with the first 
antenna for receiving the high frequency power 
supplied from the high frequency power source, 
wherein a resonant state Is kept between the first 
and second antennas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Objects and aspects of the Invention will be- 
come apparent from the following description of pre- 
ferred embodiments with reference to the accompany- 
ing drawings in which: 

Fig. 1 is a schematic view for illustrating a conven- 
tional device for generating inductively coupled 
plasma; 

Figs. 2a and 2b are schematic views for illustrating 
a conventional antenna device for generating in- 
ductively coupled plasma; 

Figs. 3a and 3b are schematic views for illustrating 
antenna devices for generating Inductively coupled 
plasma in accordance with an embodiment of the 

present invention; 

Figs. 4a and 4b are equivalent circuit diagrams of 
antenna devices shown In Figs. 3a and 3b; 



Fig. 5 is a schematic view for illustrating an antenna 
device for generating Inductively coupled plasma in 
accordance with another embodiment of the 
present invention; and 

Figs. 6a and 6b are equivalent circuit diagrams for 
illustrating an antenna device for generating induc- 
tively coupled plasma. 



[0014] Preferred embodiments of the present inven- 
tion will be described in detail with reference to accom- 
panying drawings. 

[0015] Fig. 3a is a conceptual view for illustrating an 
antenna device for generating inductively coupled plas- 
ma in accordance with an embodiment of the present 
invention, and Fig. 4a is an equivalent circuit diagram of 
an antenna device shown in Fig. 3a. As shown in Figs. 
3a and 4a, an antenna device 1 00 of the present inven- 
tion includes a plurality of antenna units 400a and 400b 
connected in parallel with each other, which respectively 
Include variable loads 302a and 302b and single or mul- 
ti-wires of antennas 300a and 300b. In the antennas 
300a and 300b, reference symbols R^, R2, and L^, L2 
indicate resistance and equivalent Inductance of re- 
spective antennas and capacitance of the antennas is 
absorbed and designated by reference symbols Cp, C^^ 
respectively for resonance variable capacitance and 
variable load capacitance. 

[0016] In addition, the antenna device 100 also in- 
cludes an impedance matching circuit (impedance 
matching box: 1MB) 304 for achieving an Impedance 
matching state between a plurality of antenna units 400a 
and 400b and the high frequency power source 102. At 
this time, a plurality of antenna units 400a, 400b are kept 
In the resonant state by the variable load of the variable 
capacitor Cr 302a. which is the nrK>st important feature 
of the present Invention. As shown in Fig. 4a, the reso- 
nant state of the antenna device 100 will be described 
in detail In accordance with the present Invention. 
[0017] Fig. 4a is an equivalent circuit diagram of the 
antenna devtoe shown In Fig. 3a. In other words, power 
is supplied through the impedance matching circuit 304 
connected with the high frequency power source 102. 
The first antenna unit 400a includes a first variable load 
302a and a first antenna 300a connected In series, and 
the second antenna unit 400b Includes a second varia- 
ble load 302b and a second antenna 300b connected in 
series. Both of the first and second antenna units 400a, 
400b are connected in parallel. In order to set an imag- 
inary part of the equivalent impedance of the first and 
second antenna units 400a, 400b to be zero, the mag- 
nitude of the first variable load 302a can be adjusted. 
As shown In the drawings, the variable capacitor is 
used for easy adjustment of capacitance. If such a res- 
onant state is made, the magnitude of current flowing in 
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the first and second units 400a, 400b becomes equal. 
Referring to Fig. 3a again, througli tlie aforementioned 
process, the current level of the first antenna unit 400a 
positioned outside of the second antenna unit 400b in- 
creases. 5 
[001 8] Next, a general impedance method is used for 
maximizing transmission of energy from the high fre- 
quency power source 1 02 to the first and second anten- 
na units 400a. 400b. In other words, the total variable 
load determined at the first and second antenna units 
400a, 400b can be considered as a regular load. As a 
result, it is possible to make an impedarrce matching cir- 
cuit 304 for achieving an equivalent impedance match- 
ing state. The impedance matching circuit 304 can be 
constructed in a method which has been already widely 
known in the same technical field, for instance, in a sim-. 
pie circuit in which a variable inductor L| and variable 
capacitor C| are connected in parallel. 
[0019] In other words, in the antenna device 100 of 
the present invention, the magnitude of the variable load 
302b Is first determined to control the level of energy 
transmitted by the second antenna 300b to plasma. The 
magnitude of the resonance variable load 302a is de- 
termined to form a resonant state between the first and 
second antennas 300a. 300b, and then an impedance 
matching state is achieved by the 1MB 304. As a result, 
it is possible to efficiently transmit the energy supplied 
from the high frequency power source 102 to plasma 
1 18 In the chamber 104 with an improved uniformity in 
the density of plasma. 

[0020] Next, another embodiment of the present in- 
vention will be described with reference to Figs. 3b and 
4b. As shown in the drawings, in order to provide an op- 
eratbnal condition to nnake it possible to keep a reso- 
nant state, the antenna device 1 00' of the present Inven- 
tion can be constructed with a predetermined number 
of antenna units 410a, 410b, 410c. According to this em- 
bodiment of the present inventbn, the antenna device 
100' is constructed with three antenna units. As shown 
in the equivalent circuit in Fig. 4b, antenna units 410a, 
410b, 410c respectively Includes variable loads 312a, 
312b, 312c. The magnitude of the variable loads 312b 
and 312c attached in the two antenna units 410b. 410c 
are controlled to adjust a ratio of current flowing in the 
antenna units 310b, 310c. On the other hand, the rest 
antenna unit 31 Oa is used for achieving a resonant state 
to the circuit. In this embodiment, the antenna unit 31 Oa 
for keeping a resonant state Is formed as an outermost 
wire and the rest of antenna units 31 Ob, 31 Oc are formed 
as internal wires. Therefore, it is possible to convenient- 
ly improve the unifonn distributbn of energy in the entire 
antenna device. Further, It Is noted that the variable toad 
312b or 312c of the internal antenna units 410b. 410c 
can be omitted in a partteular embodiment of the present 
invention. 

[0021] In addition, as described above, the imped- 
ance matching state of the antenna units 410a, 410b. 
410c with the high frequency power source 102' should 



be achieved to maximize the quantity of the energy to 
be supplied to the entire antenna units 41 Oa, 41 Ob, 41 Oc 
by using the impedance matching circuit 304' having, 
for example, inductance L|' and capacitance C|'. 
[0022] In the antenna device 100' constructed in ac- 
cordance with the second embodiment of the present 
invention, a large size of plasma can be conveniently 
formed with a uniform density distribution. 
[0023] Next, another embodiments of the present In- 
vention will be described with reference to Figs. 5 and 
6. As shown in Fig. 5, another embodiment of the 
present invention is presented with an additional set of 
antenna unit constructed in the same structure as those 
of 400a and 400b of the antenna device 100 shown In 
Fig. 3. The equivalent circuit diagram of the antenna de- 
vice 500 shown In Fig. 6 includes a first set of antenna 
units 520a having first and second antenna units 510a, 
510b and a second set of antenna units 520b having 
third and fourth antenna units 510c, 51 Od. Variable 
loads, as in the other embodiment of the present Inven- 
tion, can be imposed onto all of the antenna units 510a, 
51 Ob, 51 Oc, 51 Od. Particularly, the resonant state is kept 
between the antenna units 510a and 510b, 510c and 
51 Od of the respective sets of antenna units 520a, 520b 
by adjusting the magnitude of the resonance variable 
toad or C^. Furthermore, transmission of energy 
is maximized by using the Impedance matching circuit 
504 connected between the entire sets of antenna units 
520a, 520b and the high frequency power source 102'. 
[0024] Even if the device Is shown to be constructed 
with two sets of antenna units in the embodiment of the 
present invention, the number of antenna sets can be 
controlled for increasing the size of plasma and adjust- 
ing unifonmity in the density distrlbutton of plasma more 
precisely However. It Is not necessary to limit the 
number of the antenna units included in the respective 
set of antenna units. In addition, It Is the most important 
to note that in this embodiment a resonant state may not 
be established In the set of antenna units 520b posi- 
tioned inside. In consequence, the uniformity in the den- 
sity distribution of plasma can be improved by supplying 
a lower level of power to plasma from the antenna set 
520b than that from the antenna set 520a posittoned 
outskJe. The greater quantity of power can be also sup- 
piled by keeping the set of external antenna units 520a 
at a resonant state. 

[0025] Fig. 6b illustrates an antenna device 600 hav- 
ing two or more sets of antenna units, wherein the sets 
of antenna units respectively include three antenna 
units. As shown in Fig. 6b, all the descriptions on the 
level of energy to be supplied to each antenna unit and 
formation of an Impedance matching state with the high 
frequency power source are the same or similar to the 
aforementioned embodiments of the present invention. 
[0026] Therefore, there are advantages In the anten- 
na device for generating inductively coupled plasma in 
that an impedance mismatching state does not result 
from an increase in the size of the antenna device, and 
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uniformity in the density distribution of plasma Is 
achieved by inducing a resonant state into the antenna 
device through selective adjustment of the level of the 
energy to be transmitted through particular antennas. 
[0027] Even if specific preferred embodiments of the 
invention has been described above, it should be under- 
stood that the invention is not limited to those precise 
embodiments, and that various changes and modifica- 
tions may be effected therein by one skilled in the art 
without departing from the scope or spirit of the invention, 
as defined in the appended claims. 



Claims 

1. An antenna device for generating a large quantity 
of plasma comprising: 

a high frequency power source; 
a first antenna for receiving the high frequency 
power supplied from the high frequency power 
source; and 

a second antenna connected in parallel with the 
first antenna for receiving the high frequency 
power supplied from the high frequency power 
source, wherein a resonant state is kept be- 
tween the first and second antennas. 

2. The device, as defined In claim 1 , wherein the sec- . 
ond antenna is connected with a variable load for 
keeping a resonant state with the first antenna. 

3. The device, as defined in claim 1, wherein a third 
antenna is additionally connected in parallel with 
the first and second antennas. 



in parallel with the first antenna set 

wherein a resonant state is kept between the 
first and second antennas. 

5 

7. The device, as defined in claim 6, wherein the sec- 
ond antenna is connected with a variable load for 
keeping a resonant state with the first antenna 

fO 8. The device, as defined in claim 6, wherein a reso- 
nant state is kept among the third, fourth antennas. 

9. The device, as defined in claim 8, wherein the fourth 
antenna is connected with a variable load for keep- 

is ing a resonant state with the third antenna. 

10. The device, as defined in claim 6, wherein a fifth 
antenna is additionally connected in parallel with 
the first and second antennas. 

20 

11. The device, as defined in claim 6 or 10, wherein an 
impedance matching circuit is additionally assem- 
bled for achieving an impedance matching state be- 
tween the high frequency power source and the first 

25 and second antenna sets. 

12. The device, as defined in claim 6 or 10, wherein a 
resonant state is kept between the first and second 
antenna sets. 

30 



35 



4. The device, as defined in claim 3, wherein a reso- 
nant state is kept among the first, second and third 
antennas. 

40 

5. The device, as defined in claim 1 or 4, wherein an 
impedance matching circuit is additionally assem- 
bled for achieving an impedance matching state be- 
tween the high frequency power source and the first 
and second antennas. 45 



6. An antenna device for generating a large quantity 
of plasma comprising: 

a high frequency power source; 50 
a first antenna set having first and second an- 
tennas connected in parallel for receiving the 
high frequency power supplied from the high 
frequency power source; and 
a second antenna set having third and fourth 55 
antennas connected In parallel for receiving the 
high frequency power supplied from the high 
frequency power source and being connected. 
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